and consequently, the development of the operation. On the other hand, when analyzing 37 silty soils, in the surroundings of injection surfactant wells, high seepages can be 38 generated that give rise to the development of piping processes. In this article methods 39 are described to allow a reduction, or to even eliminate, both problems. 
Introduction

46
The development of industrial and agricultural activities has supposed a source of many 47 different pollutants that have been leaked into soils and groundwater. Many of these 48 contaminants produce a serious environmental problem, and even could be hazardous m/s), those that provide better results [1, 2] . In the other hand, low-permeability soils, as 58 argillaceous materials, presents a reduction of the effectiveness of these processes, due 59 to the low flushing flow generated. For this reason, the use of these in-situ flushing 60 techniques is little attractive. However, the use of electrokinetic remediation can be 61 interesting [3] . This technology consists on the application of a low electrical current 62 through inert electrodes, which are inserted in the soil or electrolyte wells [4] . The 63 electrical field generated in the soil develops different electrokinetic transport processes 64 such as electroosmosis, electromigration and electrophoresis, which are the responsible 65 for the mobilize and remove the pollution from soil [5] .
67
Although many studies have been performed related to electrokinetic remediation for 68 different polluted soils [6] [7] [8] , little work has been done related to the hydro-mechanical surfactant. The description of this setup is described in literature in previous works [3, 4] .
101
Experimental setup and a mock-up general scheme, with the location of the 102 instrumentation are shown in Figure 1A and Figure 1B, To ensure test conditions similar to those expected in the field, the soils considered were 108 compacted to realistic "in situ" conditions, as the initial moisture (wo) and dry density
109
(ρd) shown in Table 2 . These values were obtained from standard Proctor compaction 110 tests [15] . The moisture (w) was analyzed by the Standard ASTM D2216 [16] . Grain 111 density (ρs) was analyzed by the Standard ASTM D854 [17] . ρd, porous index (e), and The soils tested were classified from a textural point of view according to ASTM 138 D2487. Sagra soil presents a high Plasticity index (PI=40) and it is classified as a high 139 plasticity clay (CH), and Kaolin is a low plasticity silt (ML), according to the Unified
140
Soil Classification System (USCS) chart [18] .
7
The appearance of cracks in clays during desiccation is a well-known phenomenon [18] .
147
Its impact on the efficiency of clay barriers has been described by diverse authors, in 148 special, in landfill liners [20] [21] [22] . The presence of desiccation cracks defines preferential 149 flow paths, and faster movement of gas, water, solutes and particles than would be 150 expected from the soil matrix properties [23] . As result of this fact, the hydraulic 151 conductivity of cracked soils is usually orders of magnitude higher than that of intact 152 soils [24, 25] . The containment function of the clay can be jeopardized. Nevertheless, in 153 electrokinetic remediation processes, the effect can be the opposite. The electroosmotic 154 transport takes place in the proximity of solid particles [26] [27] [28] . Therefore, the appearance 155 of cracks could suppose a loss of connectivity between the solid skeleton, reducing the 156 electroosmotic flow. Consequently, it is of interest that cracks do not appear.
158
Desiccation cracks would occur if soil shrinkage is constrained, generating a tensile 159 stress which exceeds the bonding strength of the soil particles [29] . As soil is a highly In agreement with Daniel [22] , a high shrinkage can be expected for soils with a plasticity 179 index (PI) greater than 35, which could be taken as a reference value. In the tested 180 mock-ups, this estimation was accomplished. No cracks appeared in "kaolin soil",
181
PI=13. Cracks appeared in "Sagra soil", PI=40 (see Table 2 ). As it can be appreciated in
182
Figure 4, cracks were located mainly between the anodic wells and the wells were 183 surfactant was applied. During the first days of the test, this region was affected by an 184 increment of the temperatures (see Figure 5 ). This fact favor water loss by evaporation.
185
For this reason the initiation of cracks was focused on this region. Once cracks 186 appeared, as indicated by Casagrande [26] , the infiltration/gravitational and 187 electroosmotic flows presents strong variation related with this phenomenon. Figure 6 188 shows the evolution of these flows. and reduces the water transported to the cathodic region by electroosmosis process.
199
In order to minimize this problem, the following procedure was applied (Figure 7 ).
200
First, the initial moisture of the superficial layer of soil was reestablished ( Figure 7A ).
201
Second, the superficial cracks were filled up with a slurry prepared with the same soil of 202 the mock-up ( Figure 7B ). Finally, a reduction of the evaporation rate was attempted.
203
For this purpose a granular cover was arranged, as can be observed in Figure 7C , in unsaturated. Therefore, its hydraulic conductivity is significantly reduced, and the 207 evaporation is highly complicated [4] . The use of this type of covers on landfill liners 208 was analyzed with detail by Yanful et al. [31] . These authors analyzed evaporation in a When dismantling the mock-up, the sand cover was removed, and it was verified that 217 cracks that had been refilled before remained closed. There were not new cracks either, 218 therefore, the disposal of a granular cover was effective. Nevertheless, although after 219 the soil improvement described in the previous paragraph gravity flow was reduced 220 10 considerably, this continued being high throughout the test (see Figure 6 ). Probably,
221
internal cracks were generated, and it was not possible to seal them completely. should be stressed that Sr of the Sagra soil was greatly reduced (Table 3) . A reduction in
237
Sr may indicate two events: a decrease of w, or an increment of n. In this case the w 238 increased from 28.7 to 33.8%, thus reducing Sr must be related to an increase of n 239 within the soil that is consistent with the increase in the e observed and the decrement of respect to clay (see Table 4 [33] Limit of 41.0 (Table 2) , osmotic efficiency will be probably inferior to 10 -4 . Even with 279 this small value, the ratio c /r was very elevated since the variation of c took place 280 after adding the surfactant at a reduced distance r. This gave rise to a value of ih that,
281
according to the estimative values in Table 4 , resulted in the piping processes reflected 282 in Figure 9 .
284
In order to avoid piping process is advisable to dispose a granular material acting as a 
13 295 where D85B defines a size of particle so that the 85% of particles of the kaolinite are 296 inferior, whereas D15F defines a size of particle so that only the 15% of particles of the 297 filter are smaller. Since D85B is approximately equal to 20 m (see Figure 10 ), D15F 298 equal to 0.2 mm should be adopted.
300
To verify the validity of this value a surfactant well was reproduced. Using the same 301 kaolin soil, two samples were prepared using the molds of a Normal Proctor test (see 302 Figure 11A and 11B). The same surfactant, as used in the tests previously described,
303
(SDS 10 kg m -3 ) was added to the wells. But, whereas in the one of them the surfactant 304 was added without placing a filter, a crown of 0.3 cm of external radio was prepared in 305 the second with fine sand in which it was fulfilled that D15F=0.2 mm. In the first case, 306 the piping processes were again observed ( Figure 11A ). In the second case, the filter 
437
Adapted from Tang et al. [23] . 
